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Table 1: Description of household durables and non-durables 
Variable	 Obs	 Mean	 Std.	dev.	 Min	 Max	
Equipment	(no.)	 	 	 	 	 	
Car	 11022	 0.4450191	 0.6072619	 0	 6	
Car,	used	 11022	 0.6810016	 0.7490975	 0	 5	
Motorcycle	 11022	 0.1516059	 0.449386	 0	 7	
Bicycle	 11022	 2.087824	 1.56506	 0	 9	
DVD	player	 11022	 1.210488	 1.122061	 0	 9	
TV	 11022	 1.596806	 0.9273691	 0	 8	
PC,	desktop	 11022	 0.9096353	 0.8559212	 0	 9	
PC,	mobile	 11022	 0.4570858	 0.6586551	 0	 5	
Game	console	 11022	 0.3117402	 0.7790504	 0	 9	
Refrigerator	combo	 11022	 1.254128	 0.5314863	 0	 8	
Freezer	 11022	 0.6546906	 0.6156882	 0	 4	
Dishwasher	 11022	 0.725186	 0.4717391	 0	 3	
Microwave	 11022	 0.7411541	 0.4894785	 0	 4	
Mobile	phone	 11022	 1.699873	 1.119937	 0	 9	
Usage	(in	€)	 	 	 	 	 	
Motor	fuels	 11022	 1377.716	 1228.506	 0	 13376	
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Table 2: Cluster means of household durables and non-durables  






























Equipment	 	 	 	 	 	 	 	 	
Car	 0.50	 0.49	 0.57	 0.59	 0.26	 0.69	 0.63	 0.45	
Car,	used	 0.67	 0.78	 1.03	 0.93	 0.33	 1.46	 1.26	 0.68	
Motor	cycle	 0.14	 0.17	 0.24	 0.23	 0.06	 0.34	 0.33	 0.15	
Bicycle	 2.16	 2.27	 2.75	 2.84	 1.38	 3.03	 2.87	 2.09	
TV	 1.63	 1.60	 1.85	 2.04	 1.28	 2.14	 2.07	 1.60	
DVD	player	 1.19	 1.38	 1.63	 1.60	 0.79	 1.92	 1.77	 1.21	
PC,	desktop	 0.91	 0.94	 1.22	 1.35	 0.60	 1.49	 1.29	 0.91	
PC,	mobile	 0.43	 0.53	 0.56	 0.57	 0.32	 0.94	 0.71	 0.46	
Game	console	 0.27	 0.32	 0.52	 0.52	 0.18	 0.59	 0.49	 0.31	
Mobile	phone	 1.68	 1.84	 2.24	 2.21	 1.16	 2.83	 2.53	 1.70	
Refrigerator	combo	 1.27	 1.23	 1.36	 1.55	 1.12	 1.52	 1.43	 1.25	
Freezer	 0.71	 0.63	 0.77	 1.00	 0.47	 0.90	 0.82	 0.65	
Dishwasher	 0.79	 0.79	 0.90	 0.93	 0.50	 0.94	 0.90	 0.73	
Microwave	 0.76	 0.77	 0.83	 0.88	 0.63	 0.93	 0.85	 0.74	
Total	 13.12	 13.73	 16.47	 17.24	 9.07	 19.72	 17.93	 12.93	
Usage	 	 	 	 	 	 	 	 	
Electricity	 706.62	 591.12	 796.90	 2309.19	 521.27	 1038.09	 881.66	 750.83	
Motor	fuels	 1111.06	 1776.31	 2584.71	 1821.64	 238.29	 5657.06	 3788.55	 1377.72	
Socioeconomics	 	 	 	 	 	 	 	 	
Sex	 1.32	 1.31	 1.22	 1.23	 1.51	 1.25	 1.25	 1.36	
Age	 53.18	 48.47	 47.56	 52.96	 55.99	 46.65	 46.62	 52.27	
Education	 2.49	 2.65	 2.72	 2.53	 2.37	 2.85	 2.72	 2.52	
Employed	 0.62	 0.78	 0.87	 0.72	 0.40	 0.97	 0.90	 0.63	
City	size	 2.86	 2.80	 2.53	 2.47	 3.30	 2.07	 2.39	 2.89	
Dwelling	owner	 0.60	 0.55	 0.70	 0.83	 0.34	 0.79	 0.70	 0.54	
Dwelling	size	 102.88	 101.40	 120.65	 136.43	 77.92	 133.39	 120.61	 100.26	
Household	size	 2.26	 2.37	 2.85	 2.96	 1.62	 3.14	 2.99	 2.24	

















































Old mainstream (1) Young mainstream (2) Well-equipped established (3) Electricity consumer (4)






























Table 3: MF and CF results for analyzed products 
Product	 Lifetime	 MF	per	item	 CF	per	item	 MF	per	year	 CF	per	year	
Car	 10.7	a	 57,723	kg/item	 8,095	kg	CO2-eq./item	 5,395	kg/a	 757	kg	CO2-eq./	a	
Motor	scooter	 13.0		a	 2,649	kg/item	 448	kg	CO2-eq./item	 204	kg/	a	 34	kg	CO2-eq./	a	
Bicycle	 14.0		a	 761	kg/item	 156	kg	CO2-eq./item	 54	kg/	a	 11	kg	CO2-eq./	a	
Television	 9.4		a	 7,195	kg/item	 640	kg	CO2-eq./item	 765	kg/	a	 68	kg	CO2-eq./	a	
DVD	player	 9.0		a	 447	kg/item	 43	kg	CO2-eq./item	 49	kg/	a	 5	kg	CO2-eq./	a	
PC,	desktop	 7.2		a	 7,758	kg/item	 572	kg	CO2-eq./item	 1,078	kg/	a	 79	kg	CO2-eq./	a	
PC,	laptop	 6.3		a	 2,244	kg/item	 141	kg	CO2-eq./item	 356	kg/	a	 22	kg	CO2-eq./	a	
Game	console	 9.0		a	 3,031	kg/item	 158	kg	CO2-eq./item	 337	kg/	a	 18	kg	CO2-eq./	a	
Smartphone	/	




12.6		a	 5,578	kg/item	 491	kg	CO2-eq./item	 443	kg/	a	 39	kg	CO2-eq./	a	
Freezer	 13.6		a	 5,308	kg/item	 455	kg	CO2-eq./item	 391	kg/	a	 34	kg	CO2-eq./	a	
Dishwasher	 12.3		a	 3,089	kg/item	 329	kg	CO2-eq./item	 251	kg/	a	 27	kg	CO2-eq./	a	















































Refrigerator / Freezer combination 
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For	electric	appliances	Greiff	et	al.	calculated	a	CF	range	of	203	to	480	kg/a	with	a	mean	
(households)	of	367	kg/a.	The	CF	of	electric	and	electronic	devices	in	this	study	ranges	
from	240	to	460	kg/a	with	an	average	(total	sample)	of	319	kg/a.		
As	stated	in	the	introduction,	there	are	a	number	of	studies	which	calculate	annual	
greenhouse	gas	emissions	for	households	in	a	certain	region	(see	e.g.	Druckman	and	
Jackson,	2009)	for	the	UK	or	Jones	and	Kammen,	2011	for	the	USA).	They	usually	apply	
direct	and	embodied	emission	factors	based	on	regional	input-output	tables	and	focus	
on	the	distribution	of	these	emissions	between	different	sectors	or	countries.	As	such,	
results	in	those	studies	cannot	be	directly	compared	to	our	findings.	However,	the	
average	household	values	in	these	studies	for	e.g.	vehicle	manufacturing,	fuel	
combustion,	electricity	use	and	production	of	appliances	are	within	the	range	of	the	life-
cycle	wide	emissions	in	our	study.		
Regardless	of	these	differences,	the	main	result	of	the	described	assessment	is	that	
information	on	household	equipment	allows	for	a	description	of	typical	resource	
profiles	of	households.	It	can	be	used	to	quantify	the	environmental	burden	by	all	or	
only	parts	of	the	household	goods	and	can	be	compared	to	other	areas	of	household	
consumption	such	as	housing.		
Still,	the	identified	research	gaps	could	only	be	closed	partially.	Since	the	socio-economic	
dataset	on	household	equipment	did	not	include	detailed	technical	information	on	the	
types	of	goods	purchased	and	used	by	German	households,	we	could	not	test	whether	
technological	trends	such	as	the	electrification	of	mobility	or	the	internet	of	things	would	
influence	our	results.	Despite	that,	one	can	argue	the	case	that	current	LCA	methods	are	
advanced	enough	to	quantify	these	effects	in	future	research.	Dewi	(2016)	for	example	
showed	that	LCA	methods	can	be	combined	with	models	for	technological	foresight	and	
Onat	et	al.	(2016)	successfully	integrated	LCA	models	for	vehicles	into	a	dynamic	ex-ante	
assessment	of	sustainability	including	Life	Cycle	Costing	(LCC)	and	Social	Life	Cycle	
Assessment	(SLCA).		
Additional	socio-economic	characteristics	as	well	as	data	on	the	use	of	fuel	and	
electricity	were	required	to	generate	an	appropriate	typology	of	household	groups	
beforehand.	Household	consumption	cannot	significantly	be	differentiated	by	the	
ownership	of	household	goods	but	rather	by	the	use	of	them	and	thus	by	electricity	and	
fuel	consumption.	We	conclude	that	the	behavioral	aspects	are	deciding	factor	for	
differentiating	household	consumption.	This	corroborates	the	findings	of	other	studies	
on	the	environmental	burden	of	households	(Barrett	et	al.,	2013;	Birch	et	al.,	2004b;	
Ivanova	et	al.,	2015;	Tukker	et	al.,	2010).	
Our	findings	also	show	that	low	amounts	of	durables	in	households	do	indeed	
correspond	to	low	usage	in	terms	of	electricity	and	fuel	use	in	total.	The	patterns	of	
electricity	and	fuel	use	differ	in	Germany	to	a	relevant	extent	though.	We	found	general	
patterns	that	revealed	higher	expenditures	for	electricity	than	for	fuels.	That	is	
remarkable,	given	the	high	differences	in	marginal	costs	for	electricity	and	fuels.	
However,	the	differences	in	use	patterns	stem	mainly	from	the	high	variation	in	fuel	use	
among	the	groups.	This	suggests	that	typical	patterns	of	household	equipment	and	its	
usage	are	related	to	mobility	patterns	in	terms	of	cars	and	motor	fuels.	For	instance,	the	
“Electricity	consumer”	may	represent	empty	nests	of	seniors,	which	also	suggests	old	
and	inefficient	equipment	of	electronics	and	appliances.	Additionally,	the	very	high	
expenditures	for	motor	fuels	of	the	“Wealthy	fuel	consumer”	may	be	explained	by	the	
fact	that	these	households	are	younger	families	living	in	more	rural	areas	often	
requiring	a	car	due	to	the	lack	of	public	transportation	infrastructure.	Both,	the	
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“Electricity	consumer”	as	well	as	the	“Wealthy	fuel	consumer”	represent	typical	
consumption	patterns	in	Germany.	Whereas	the	first	type	is	best	described	by	age	of	
household	members	at	respective	age	of	equipment	and	appliances,	the	latter	is	best	
described	by	fuel	consumption,	family	status	and	living	area.	Specific	consumer	policies,	
either	addressing	more	resource	efficient	consumption	of	electronics	or	more	resource	
efficient	mobility	may	take	into	consideration	the	specifics	of	the	typical	electricity	(age)	
and	fuel	consumption	(family	status	and	living	area)	accordingly.	
In	accordance	with	the	literature	(see	e.g.	Tukker	et	al.,	2010),	we	found	that	higher	
amounts	of	household	durables	and	higher	expenditures	on	electricity	and	fuels	are	
closely	linked	to	higher	social	status	in	terms	of	net	household	income,	employment	
status,	and	home	ownership.	Moreover,	our	clustering	results	suggest	that	differences	
may	also	be	linked	to	city	size,	age	and	household	size.	We	conclude	that	affluent,	
established	or	younger	families	living	in	more	rural	areas	typically	exhibit	the	highest	
amounts	of	durables	in	their	households	and	the	highest	expenditures	on	non-durables,	
especially	on	fuels.	In	contrast,	a	rather	precarious	milieu	of	young,	female	and	jobless	
people	living	in	cities	shows	the	lowest	amounts	of	durables	and	lowest	expenditure	on	
non-durables.	These	findings	coincide	with	results	from	Miehe	et	al.	(2016).		
When	it	comes	to	typical	patterns	of	resource	use,	results	show	at	first	glance	that	there	
is	a	high	correlation	between	the	equipment	level	of	household	groups	and	the	
corresponding	Material	and	Carbon	Footprints.	The	major	differences	are	attributed	to	
car	ownership	(highest	environmental	burden	per	item),	while	electronics	seem	to	be	of	
less	importance.		
The	importance	of	car	ownership	for	the	overall	environmental	burden	of	households	is	
also	emphasised	in	other	studies.	Ornetzeder	et	al.	(2008)	compared	the	carbon	
intensities	of	a	car-free	household	in	Vienna	to	a	household	with	similar	characteristics	
in	close	proximity	without	the	car-free	feature.	As	a	result,	the	car-free	household	shows	
a	lower	environmental	burden	in	terms	for	energy	use	and	ground	transportation,	but	
higher	burdens	in	the	areas	of	air	transport,	nutrition	and	other	consumption	areas6.		
The	results	also	show,	that	consumer	electronics	and	their	resource	use	are	evenly	
spread	among	the	household	groups	on	a	per	person	scale.	It	seems	that	the	main	
contributors	to	electricity	use	in	households	(heterogeneous	distribution	among	
household	groups)	are	by	themselves	not	a	relevant	factor	for	different	types	of	
resource	use.		
The	calculated	environmental	impact	for	the	production	of	household	equipment	is	
considerably	lower	than	for	its	use.	Our	findings	suggest	that	policies	on	sustainable	
consumption	and	sustainable	use	of	natural	resources	(and	carbon	emissions)	could	
focus	on	typical	patterns	of	usage	rather	than	the	resources	embodied	in	products	
themselves.	Policies	on	eco-efficient	design	could	concentrate	on	the	design	of	the	
sustainable	use	or	consumption	of	products	rather	than	the	sustainable	use	of	materials	
for	production.		
																																																								
6	While	the	extent	of	these	indirect	rebound	effects	might	lessen	with	the	use	of	an	electric	vehicle,	it	is	
important	to	note,	that	electric	cars	can	show	higher	Material	Footprints	per	mileage	than	conventional	
cars,	if	incorporated	into	a	non-renewable	energy	system	(see	also	Frieske	et	al.,	2015).		
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6 Outlook	
The	approach	in	this	paper	focuses	on	the	ownership	and	use	of	goods	in	different	types	
of	private	households.	The	clustering	of	representative	survey	data	on	expenditures	on	
homogenous	goods	and	information	on	most	relevant	durable	goods	is	sufficient	to	
describe	types	of	resource	use	in	private	households	appropriately.	Future	research	
could,	however,	combine	cluster	analysis	with	regression	analysis	in	order	to	test	our	
findings	on	statistical	significance	with	regard	to	socio-economic	predictors	of	the	
expected	patterns.	Moreover	the	data	used	and	method	developed	do	not	yet	sufficiently	
reflect	the	dynamics	of	the	way	households	actually	live.	This	would	require	a	complex	
allocation	model,	which	incorporates	a	more	accurate	description	of	lifestyles	in	private	
households.	A	model	based	on	time	use	data	rather	than	expenditure	may	be	suitable	for	
such	an	undertaking	(see	Buhl	and	Acosta-Fernandez,	2015	for	such	an	approach).	
Apart	from	the	limitations	of	the	descriptive	clustering	procedure,	a	number	of	data	
gaps	were	identified.	From	the	point	of	household	statistics,	a	more	detailed	and	
comprehensive	list	of	household	expenditures	and	equipment	is	necessary.	For	example,	
the	statistics	for	2008	do	not	include	environmentally	relevant	goods	such	as	ovens	and	
washing	machines.	This	also	weakens	the	relationship	between	the	products	analyzed	in	
this	paper	and	the	overall	electricity	use	of	households.		
In	addition,	the	aim	should	be	to	not	only	quantify	product	groups	(e.g.	car),	but	also	
product	types	(e.g.	low,	middle,	high	class	car).	Whether	product	types	with	higher	
levels	of	performance	or	higher	than	average	prices	lead	to	different	results	is	up	to	
future	research.	Further	information	on	the	prices	paid	for	the	durable	goods	under	
study	could	provide	valuable	information	on	the	quality	of	those	products.	Additionally,	
the	prices	paid	in	combination	with	information	on	expenditures	would	enable	
researchers	to	account	for	the	amount	of	goods	consumed.	This	data	extension	might	
affect	the	results,	in	particular	for	resource-intensive	products	such	as	cars,	desktop	PCs	
and	laptops.		
The	overall	data	availability	for	Material	Flow	Accounting	is	good,	but	could	still	be	
improved.	LCI	databases	have	grown	to	become	a	helpful	tool	for	quantifying	the	
material	and	energy	flows	in	the	life	cycles	of	products.	The	ecoinvent	database	is	
frequently	updated	and	includes	the	majority	of	bulk	materials	and	common	material	
compositions.	The	method	can	be	adapted	to	other	LCA	impact	categories	and	other	
statistics	or	empirical	data	on	household	equipment.	In	terms	of	literature	on	the	
material	flows	of	household	goods,	the	EuP	preparatory	studies	have	proven	to	be	
reliable	sources.	However,	there	is	currently	no	information	on	average	smartphones	
and	other	modern	ICT	products,	which	have	become	more	and	more	important	in	
people’s	everyday	lives.	There	is	also	still	a	need	for	additional	data	regarding	material	
losses	and	energy	demand	during	assembly,	including	pre-assembly	of	finished	
materials.	By	its	nature,	the	method	described	in	this	paper	would	be	extendable	to	
other	goods	or	even	product-service	systems	(SPSS7).	Depending	on	the	availability	of	
data	on	household	and	life	cycle	inventories	(LCI)	of	equipment,	it	could	also	be	used	to	
differentiate	among	product	types	and	product	applications	in	different	households.		
																																																								
7	According	to	Mont	(2002,	p.	239),	SPSS	is	“a	system	of	products,	services,	supporting	networks	and	
infrastructure	designed	to	be	competitive,	satisfy	customer	needs	and	have	lower	environmental	impact	
than	traditional	business	models.”	
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The	two	environmental	indicators,	Material	Footprint	for	natural	resource	consumption	
and	Carbon	Footprint	for	greenhouse	gas	emissions,	complemented	each	other.	While	
correlation	is	high	for	the	main	contributors	to	the	environmental	burden	(electricity	
and	fuel),	differences	in	the	trend	emerge	if	goods	are	analyzed	in	detail.	Since	the	
Material	Footprint	is	highly	sensitive	to	the	amount	of	precious	metals	in	electronics,	it	
helps	to	identify	environmental	hotspots,	which	would	otherwise	be	neglected.		
In	order	to	validate	these	findings,	future	research	should	focus	on	advancing	the	
methodology	by	considering	different	types	of	products	including	consumables	such	as	
food	and	incorporating	not	only	the	possession	of	goods	but	also	possible	differences	in	
usage	and	technological	development.	Such	an	extension	to	the	model	and	its	data	could	
also	be	beneficial	to	research	on	household	consumption	with	the	help	of	MRIO	tables.	
By	matching	the	outputs	of	our	research	to	the	inputs	and	coefficients	of	MRIO	analysis,	
a	consumption	module	could	be	generated	and	incorporated.		
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